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[ Abstract ]

the south china sea. Method: The compounds were isolated by column chromatography and identified on the basia

Objective: To study secondary metabolites of mangrove endophytic fungus No -ZH-4d from

of physic-chemical constants and spectral analysis. Result: Six metabolites were obtained and elucidated as
citrinin (1), tenellic acid C (2), tenellic acid A (3), terretonin (4), echinulin (5 ), (E) 4, 6-
dimethoxy-3- [ 4-ox0-5- (prop-l-enyl) -4H-pyran-2-yl] -isobenzofuran-1 (3H) -one (6). In the preliminary
bioassay, 1 show strong inhibittory activity on the KB, KBv200 with IC, values of 0.08, 0.09 mmol -L™",
respectively. Conclusion: The six metabolites were obtained from endophytic fungus No -ZH-4d for the first time.
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YA it HLEA 2 2 BRSSP R
s Ve R R 25 W ) B R IR, RS R AR R
EEME L,

TR BAT R L 2 HE 1) B A
AWFFELIRS R AT A BRI R L0 bR N A2 BT ZH-4d

R AT O 5E, RS FR Wb o B i 2 6 MG
Y (K 1) :citrinin (1), tenellic acid C(2), tenellic
acid A (3),terretonin (4 ), echinulin(5), (E)-4,6-
dimethoxy-3-(4-0x0-5-( prop-1-enyl ) 4H-pyran-2-yl ) -
isobenzofuran-1(3H) -one(6) , ¥] & 25 B % 14 B /8 b
A1 %F Ok g A0 KB, KBv200 47 fif 98 15 4 1)
1C,, {8543 %1% 0. 08,0. 09 mmol-L~",
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1.1 YR F INOVA-500NB %48 5 4% mf 3L 9
TEAL AN INOVA-300NB 4% i 41z 4 ( 38 [# Varian
NF)) 3 VG ZAB-HS I W% 42 f 1% 1%, Thermo DSQ
FIHL 7 %5 i B B B % X, Thermo MAT9SXP % &5 /3
BTSN 5 X4 B H0F 0 0 A0 a5 s A8 (b st 28
AR A BRA ) o BT R A T M AR 2R R T
2 U o= 232 TI a8 1| EZ i - e S I TR = .S
B EAL T A R 200 ~ 300 H AR, BEE H,
R R GF254

1.2 REAhEESRE DR AR B ZH-4d R B b E
JUARAE BRI T, 22 % Ol HU2E JHUFS TE (( Phomopsis
sp. ) IR T IL R 2E s Sk eE TR 2B, K%
BRI HE 10 - L' HAMK 2 o L7 BEREF
1 gL' HWgEh2 ¢- L' ,pH 7.0, 500 mL =i N
B HEFE I 300 mL, 1. 25 x 10° Pa K 20 min J5 3 Fp
130 L,7E 25 CHE IR 40 do 3 W 46 & 19 W A
[z NS

2 AEEER

2.1 W5 140 L & EEY) o DR A5 1K Fil &
TR, 2 T VR 406 i ) 20 1R TR 7543 26 B, T A T R
Pt 22 YR o BRI 5 4 43 0 AR FR LG 12 2 i i
(200 ~300 H ) #4743, LUA il k-2 R < g -H
B R AT A0 BE M R e . W B 45 4 70 & I B HE £

T A R A, A A T AT Al . AR SR
WOHLAE Y (2925 g) hor e 24k 59 1(8 mg),
2(8 mg),3(14 mg), 4(7 mg), 5(12 mg) ,6(5 mg) ,
2.2 LA YILIEEE

fk&® 1 A K, mp 179 ~ 180 C;
EIMS:250,'H-NMR (300 MHz, acetone-d,)8:15.95
(s, 1H), 15.20(s, 1H),8.28(s, 1H) ,4.82(dq,
4.4,6.7,1H),3.01(dq, 4.4, 7.1, 1H), 2.07(s,
3H), 1.38(d, 6.7, 3H), 1.25(d, 7.1,3H) ;" C-
NMR (75 MHz, acetone-d, ) §:183.8 (C), 177.4
(C), 174.7(C), 164.7(CH), 140.6(C), 122.5
(C), 107.4(C), 99.9(C),82.5(CH), 34.6
(CH),18.0(CH,),17.7(CH,), 8.9(CH,)

EY2 FAEKAKR,ESI-MS(m/z) :429 [M -
1] ,'H-NMR (300 MHz, DMSO-d,)8:7.33(d, 8.6,
1H), 6.42(d, 8.6, 1H), 6.08 (dd, 9.1, 4.8,
1H), 1.72(ddd,13.0, 9.1,5.6, 1H), 1.45(ddd,
13.0, 8.0,4.8, 1H), 1.60 (m, 1H), 0.91 (s,
3H), 0.90(s, 3H), 3.98(3H,s), 2.00(s, 3H),
7.13(m, 1H), 7.20 (m, 1H), 2.30 (s, 3H),
10.19 (s, 1H),"” C-NMR ( DMSO-d,, 75 MHz) §:
120.0(C), 153.4(C), 128.7(C), 128.4(CH),
111.2(CH) ,154.2(C) ,167.0(C) ,67.9(CH) ,44.7
(CH,),24.3(CH),21.7(CH,),22.7(CH,),61.5
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(CH,),169.7(C),20.7(CH,),129.4(C),143.4
(C),151.1(C),124.5(CH),135.7(C), 120.0
(CH), 20.4(CH,), 189.7(CH),

K& 3 JTEEEHIRES §, mp 175 ~177 C ' H-
NMR (CDCI,, 400 MHz)6.7.33(d, 8.7, 1H), 6.44
(d, 8.7, 1H), 4.54(dd, 9.2, 3.7, 1H), 1.64
(ddd, 14.0,9.2,5.0,1H), 1.35(ddd,14.0, 8.0,
3.7, IH), 1.78 (m, 1H), 0.94 (d, 6.6, 3H),
0.91(d, 6.6, 3H), 3.91(s, 3H), 3.17(s, 3H),
7.12(m,1H), 7.24(m,1H), 2.28(s, 3H), 10.03
(s, 1H) ;" C-NMR ( CDCl,, 125 MHz)§:117.0(C),
155.5(C),132.1(C), 129.4(CH), 111.6 (CH),
156.7(C), 169.0(C), 75.5(CH), 47.3(CH, ),
25.2(CH), 23.7(CH,), 22.2(CH,), 63.4(CH,),
57.1(CH;), 130.8(C), 141.4(C), 149.8(C),
124.9(CH), 137.5(C), 122.2(CH), 21.3(CH,),
190.3(CH) ,

L& 4 IR A AR & RS H-NMR (500
MHz, acetone-d,)d: 7.07 (s, 1H, OH), 5.26(brt,
1H), 5.00(brt, 1H), 3.89(s, 1H, OH), 3.79(s,
1H), 3.71(s, 3H), 3.09(dt, 1H,/J=14.5, 1.5),
2.70(dd, 1H, J=19.0, 8.5 Hz), 2.50(d, 1H,
J=14.5 Hz), 2.49(dd, 1H, J =8.5, 2.5 Hz),
2.33(m, 1H), 2.05(overlap, 1H), 1.94(s, 3H),
1.60(s, 3H), 1.45(s, 3H), 1.43(s, 6H), 1.23
(s, 3H), "C-NMR (125 MHz, Acetone-d,)5:215. 1
(C), 202.4(C), 198.9(C), 170.1(C), 169.5
(C), 142.6 (C), 141.0(C), 132.8(C), 116.1
(CH,), 85.9(C), 79.9(C), 54.7(CH,), 54.2
(C), 51.4(C), 49.3(C), 46.0(CH), 45.2(C),
36.2 (CH, ), 34.2 (CH,), 29.9 (CH,), 25.3
(CH,;), 24.9(CH,), 22.8(CH,), 22.7(CH,),
20.7 (CH, ), 19.9 (CH,), EI-MS. 488 [ M" ]
for C,xH,,0,

&Y 5 [k, mp 224 ~226 C, HREL-
MS:m/z 461.303 7 [M]" (cal. for C, H,, O,N,
461.303 7), EI-MS:m/z 461 [M]", 334, 319,
278, 194, 69.'H-NMR (400 MHz, DMSO-d,) §:
10.53(s, 1H), 8.13(brs, 1H), 6.87(brs, 1H),
7.07(d, 2.4, 1H), 6.65(d, 2.4, 1H), 6.22(dd,
17.0, 10.5, 1H), 5.16(brt, 6.4, 1H), 4.89(dd,
5.2,5.5,1H), 5.07 (d, 14.0, 1H), 5.06 (d,
11.5, 1H), 4.00(dd, 3.7, 11.0,1H), 3.83 (brq,
7.0, 1H),3.68 (dd, 17.2, 5.5, 1H), 3.63 (dd,
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17.2,5.2, 1H), 3.27(brd,. 6.4, 2H), 3.46(dd,
14.6,3.7,1H), 3.20(dd, 11.0, 14.6, 1H), 1.71
(s, 3H), 1.62(s, 3H), 1.67(s, 3H), 1.66 (s,
3H), 1.50(s, 3H), 1.47(s, 3H),1.35(d, 7.1,
3H) " C-NMR (100 MHz, DMSO-d,)5:167.9(C),
167.4(C), 146.8 (CH), 141.4(C), 132.2(C),
131.7(C), 131.5(C), 130.3(C), 129.3(C),
124.84 (CH), 123.6 (C), 122.8 (CH), 121.0
(CH), 114.6 (CH), 110.9 (CH, ), 105.1(C),
55.6(CH), 50.4(CH), 39.0(C), 34.2(CH,),
31.2(CH, ), 29.0 (CH,), 27.9 (CH,), 27.9
(CH,), 25.4(CH,), 25.4(CH,), 20.6 (CH,),
17.6(CH,), 17.5(CH;) ,

&6 kA, mp 163 ~164 € ,'H-NMR
spectrum ( Acetone-d,, 300 MHz)§.7.42(1H, d, J =
0.6), 6.96(1H, d, ] =2.0), 6.67(1H, d,J =
2.0), 6.59 (1H,dqd, J =15.6,6.9,0.4), 6.43
(1H, d,J=0.6), 6.14(1H, dd,J =0.5, 0.4),
6.06(1H, dq, J=15.6,1.7), 3.87(3H, s), 3.78
(3H, s), 1.92(3H, ddd, J=6.9,1.7,0.5), “C-
NMR spectrum ( Acetone-d,, 75 MHz)§:177.1(C) ,
169.8(C), 162.9(C), 162.0(C), 154.7(C),
153.8(CH), 135.8(CH), 129.2(C), 127.5(C),
123.3(C), 123.0 (CH), 112.7 (CH), 105.0
(CH), 99.0(CH), 73.5(CH), 56.0(CH,), 55.8
(CH,), 18.6 (CH, ), Mass spectrum ( EI, 70 eV,
m/z, Irel,% ). 328 (100.0), 313 (10.6), 285
(30.6), 271(15.6), 269(38.1), 260(41.9), 259
(23.1),241(11.3), 231(15.6), 217(11.9), 165
(23.1), C4H,O(,

2.3 AUEEIEVESIE ORA MTT 367 W& Tik&
Py 1 %k AR O 9 KB, KBv200 (4t i 8 7% % .
3 #FR5iT1R

k& 1 EI-MS &R A X 55+ it & 2 250,
HAEARF 8, BR 8 8.28,15.20,15.95 4k, Fl A A
FEMET R, Hi§8.28 AT N RIE
AR R T A B AU BB &, T 6 15.20,15. 95
HE BRGS0, TEmIX .6 4.82,3.01 ifF 5k
o daq W, N IHAS B 5 RO %R o 0l A B R R
CH, HA 3 ¥ R, H— 45k woR A 13
ANBik, & 183.8 1 RE Jy A 4 A B AR BE B A5, 8
177. 4 WP RE N B BL R 19 15 7 , AR 3 X HA 6 > Bk
NIFH . EEMXA S5 DG S. 5 3Cm
O B 2 AL A9 1 4 citrining  citrinin J& — Fh B



W Ay, 45 T U LD AR N A B ZH-4d AU TS

R, ZAAE T & ERE T, i T citrinin 248
P BB AR A BE U, BOM I SE AL,
I — B AE I 2 1A, BE 2, AR W A S Y A O
S,

&Y 2 ESIMS( -)@B/R m/z429 [M -
17, 855 B EdE, 3z amn X8 Cy
H, O, , REAE R Q =11, T 4> 454 &4 4
FE 4, B'H-NMR A[ %1, 8 7.33(1H, d, 8.6),
6.42(1H, d, 8.6) IR LML H 2 148 7.13
(1H,m), 7.20(1H, m) 43 FE A A 2 DA, 4
A C-NMR i 12 435 F b, 0T DL H 4 T 454 o
FETE 1,23, 4-DUBUR AT 1,2,3,5- DU HAR Al 79 4 2K 2R
Z5Hy, " C-NMR (& DEPT 3%) ik o] LLE i,
H— AR (CH,s5 189.7),2 A8 3 (85 169.7,
167.0),5 ASH B, Hph A 1 A& Any (s
61.5),1 4~ CH,,2 4~ CH, =145 1 4~ CH Jyi& & 1%
CH (8 67.9) , Wl & /& 23 ANk I 5, 11 AR A
FE, S5 A A R, S Sk [ 12 ] X R B e Ak A
Yk EHIY) tenellic acid C,

k&3 ESI-MS( -) W8 m/z401[M-1] ",
HORRE 43 B 5 o 402, By i T =@ W 68 LTS B, 1%
WTHE, A% T K, £'H-NMR," C-NMR, 2D-
NMR, MS %5 5 7 56 5 Ho 25 4, 45 & % w506 o A
BEMAEY 3 WX CyH, 0, A A R
QO =10, RNEMHITETHEY I LEW2 LT
LA R HAME, M2 T 1> EEEAN PR
(6=57.1), 254G HABZBEAE , IF 5 S0k B Xt
e JEALEY 3 N E FL &) tenellic acid A,
i ESI-MS B R G 3 56 % 2 BM X 73+ B
NI AE 22 28 2k 5 1 A C = 0 iy A X 43 F i
W ZEME, B IE L TR R, 7o,
ESIMS & & H ,m/z 401 [ M - 1] ", 357, Wi~ H Wi
2544, ATLVE I IR A R

a4 REEH RS K, EL-MS BIR 5+
BT U 488 B G s T AL B 4 19 X
M CyoHy, 0, 2 — A5 24k &5 9.7 C-NMR il DEPT
T RRAE WA 3 A HR AL 2 TR AL, 6 S
2 A EE 1A AR 2 A i R RUR B 2 A g i
P HY B, PR 5 Sk [ 13 ] B0l X S B e b
B IS5 JE: terretonin  iZL AW E— TR R

k&% 5 HREI-MS &R HA 04> 7 & o0 &
$4461.303 7 (cal. for C,yH, O,N,4 61.303 7) , 4
TR CoHy ON, B ANAE Q =12,

“C-NMR J DEPT & & Borfb &4 5 5 7454

th—JEAg 29 Ak, Hih 8 167.9,167. 4 1 AR & Wt

SR BRI (5 5 5 sp” A4 AL IO BR JRLF L A7 14 45 3L

6 110. 9(CH,) AR AR umdf BB AR 5 o BT LA, R

AR AT, LG S o T e iZ EAT 3

A3, 7E'H-NMR 1,6 10.53,8. 13,6. 87 [y B Al

R N LR (5538 7.07, 6.65 R FI55,

BIR AR 2 AF 36 6.22, 5.07, 5. 06 Sy HIRAR

XU L1555 58 5. 16, 4. 89 K 2 4-CH R F15 55

3.27, 3.68,3.63 2 4~-CH, )& 715 5;6 1.35

HEH-CH MER WP R 71E 98 1.71, 1.62,

1.67,1.66,1.50, 1.47 6 AW Kk 715 5;6

3.46, 3.20 S 5-CH AHIER BT 7155 . 7T LU

BER AR 2 4 2-53 I ORI, o AR Lo 1 U

NMR 4, F 530k [ 14 10 1o, 8 (b &4 5 1946

#4 & echinulin,

k&6 LA ARREM, mp 163 ~ 164 C,
EIMS § 73 45 7 85 Tk 328, il 414 T3k €, H,
Ogo H-NMR /8 6 AR AIAL[S, 7.42(1H, d,
J=0.6 Hz), 6.96(1H, d,J=2.0 Hz), 6.67(1H,
d,J=2.0 Hz), 6.59(1H,dqd, J=15.6,6.9,0.4
Hz), 6.43(1H, d,/=0.6 Hz), 6.06(1H, dq, J=
15.6,1.7 Hz) ,2 DEMEIFHIH ERH E A5, 3.87
(3H, ), 3.78(3H, ) |, 1 MiEEM N CH[ 5,
6. 14(1H, dd,J=0.5, 0.4) |, 2L S 1 A>3 FE AR FI
LRy R[S, 1.92 (3H, ddd, J =6.9,1.7,
0.5) ], C-NMR &R 1 — /™ il 5 0 I 2 38 , — /4l
B R A K — AN B FRIE B T H-NMR (1925138 .
ZEESCHR[1S], BREYW 6 Maity (E)4,6-
dimethoxy-3-(4-0x0-5-( prop-1-enyl ) 4H-pyran-2-yl ) -
isobenzofuran-1(3H) -one,
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